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1 Introduction

The world is witnessing a revival of industrial policy, with a growing shift toward demand-side

instruments such as consumer subsidies.1 Unlike traditional approaches centered on producer

subsidies or trade protection, these policies are often designed to shape consumer demand in re-

sponse to new objectives related to climate change, supply chain resilience, and strategic competi-

tion with geopolitical rivals. Yet our understanding of their economic implications – particularly

for production structure, employment, and multinational activity – remains incomplete.

This paper studies how demand-side industrial policy affects domestic production and foreign

direct investment (FDI), focusing on the U.S. Inflation Reduction Act (IRA). The policy offers

means-tested subsidies for electric vehicles (EVs) purchases, conditional on domestic content re-

quirements. I show that the IRA increases domestic production and employment in the battery

industry, with larger FDI inflow, but reduces overall EV sales. This trade-off arises from heteroge-

neous consumer responses: eligible consumers drive gains in the battery industry, while ineligible

ones contribute to lower EV sales. The magnitude of the trade-off varies with the domestic content

requirement – looser thresholds yield larger employment and FDI gains but deepen the decline in

EV adoption. Conditional on comparable FDI, the IRA generates greater employment gains than

an equivalent import tariff policy.

I develop a two-country, multi-sector general equilibrium model of international trade featuring

heterogeneous consumers and producers, multi-stage production, and taxation. Consumers differ

in their income levels, which determine their propensity to purchase EVs relative to gasoline vehi-

cles (GVs). EV producers face two problems: (i) they choose their target consumer base; (ii) they

decide the extent to which batteries are sourced domestically versus imported. Battery producers,

in turn, determine whether to serve foreign markets through export or FDI.

In this environment, the introduction of means-tested subsidies and domestic content require-

ments generates three key effects. First, these policies can expand the consumer base by encour-

aging purchases among eligible individuals, thereby stimulating demand in the domestic battery

industry. However, they also raise production costs, leading to higher vehicle prices. Therefore,
1See, for example, Aiginger and Rodrik (2020).
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purchases by ineligible consumersmay decline, offsetting potential gains from eligible buyers. The

aggregate impact of these opposing forces depends on their relative strength and can only be eval-

uated through the lens of a quantitative model.

I calibrate the model to the United States as the home country and to an aggregate of 13 developed

countries representing the foreign economy, using data for 2019. Themodel replicates key features

of the U.S. and global EV and battery market. Using the calibrated model, I quantify the effects

of the IRA. The subsidy rate is set at 25%, corresponding to the calibrated share of the average EV

price covered by the subsidy and the domestic content requirement starts at 50%, the minimum

threshold specified by the IRA. The results show that domestic production increases by 132% and

the employment by 136%with the share of foreign producers relocating to the United States rising

from 7.1% to 14.1%. In contrast, aggregate EV sales decline by 2.25%.

Then, I conduct two counterfactual experiments. The first examines comparative statics along the

IRA’s phased policy schedule, using 50% as the benchmark and gradually increasing the domestic

content threshold to 90%. The results show that gains in battery industry diminish while the losses

in overall EV sales moderate as the threshold tightens. At a 90% threshold, domestic production

and employment gains fall to 40% and 64%, respectively, and the FDI share declines to 6.7%, while

the decline in EV sales attenuates to -1.7%. The second experiment compares the IRA with an

import-tariff policy. At a comparable FDI share of 14%, the tariff policy yields employment gains

in the battery industry that are 36 percentage points lower than under the IRA. Achieving the same

level of employment would require a tariff rate of 100%.

This paper is related to several strands of literature. First, it contributes to the emerging literature

of industrial policy and trade policy (Aiginger and Rodrik, 2020; Criscuolo et al., 2022a,b; Juhász

et al., 2023; Juhász and Lane, 2024; Evenett et al., 2024; Bown, 2024). These studies introduce new

characteristics of recent industrial policieswhichdiffer fromearlier ones in their background, objec-

tives, and policy design. Several papers evaluate such policies in strategic industries that promote

innovation and the diffusion of green technologies and products (Allcott and Kane, 2024; Head

et al., 2024; Ju et al., 2024; ?; Goldberg et al., 2024; Slowik et al., 2023). However, there is still no

study assessing how demand-side instrument can contribute to transformative industrial change,
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despite their widespread use across countries. This paper provides the first quantitative analysis

to fill this gap.

Second, this paper relates to the growing literature onEVadoption (Gillinghamet al., 2023; Springel,

2021; Li et al., 2022; Muehlegger and Rapson, 2023; Barwick et al., 2024). These studies exam-

ine both financial and non-financial factors, such as charging infrastructure and vehicle attributes

that influence consumers’ uptake of EVs, but they pay less attention to consumer heterogeneity in

adoption. A number of papers (Muehlegger and Rapson, 2022; Linn and Shen, 2024; Borenstein

and Davis, 2016) highlight the distributional effect of EV purchase subsidies, emphasizing the role

of household income. Consistent with this literature, I employ non-homothetic preferences for

EVs combinedwith income inequality among households to examine heterogeneous consumption

responses. This framework captures how the composition of EV demand across income groups

changes with the subsidy, which is a critical channel for understanding how the demand-side in-

centives propagate along the supply chain.

Lastly, this paper relates to the literature on the determinants of FDI. A prominent view on the

horizontal FDI emphasizes the proximity–to-concentration trade-off (Markusen, 1984). Beyond

trade costs and scale economies that shape this trade-off, this paper highlights the role of market

size. Related literature includes Brainard (1997), Carr et al. (2001), Markusen (2002), Markusen

and Maskus (2002), Helpman et al. (2004), Yeaple (2009), Fajgelbaum et al. (2015). Based on

these studies, I develop a two-country model of heterogeneous firms (Helpman et al., 2004) in

which firms can either export or engage in FDI. By allowing market size to differ across modes

rather than between countries, the model generates a mechanism through which an expansion in

domestic demand attracts input firms’ FDI.

In the remainder of the paper, section 2 provides background on the U.S. IRA policy together with

EV and battery markets. Section 3 introduces theoretical framework and policy intervention. In

section 5 and 6, themodel is calibrated, quantitative results are presented and the paper concludes.
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2 Background

In this section, I provide background information on the EV market and the battery industry in

both the United States and the global context, as well as on the EV tax credit policy under the U.S.

Inflation Reduction Act.

2.1 Data

For the analysis of the EVmarket, I use twodatasets: (i) the IEADatabase (IEA, 2025), and (ii) State

EV Registration Data for the United States by Atlas EV Hub. Both datasets are publicly available.

The IEA Database reports both EV sales in 55 countries and EV battery demand by region from

2010 to 2024. I also use data from the IEA Global EV Outlook published annually in its website.

In addition, the State EV Registration Data by Atlas EV Hub reports EV make, model, and year by

region (zip code or county), registration date, and vehicle attributes for 14 U.S. states2 from 2010 to

2025. I construct a county-level sample of light-duty battery EVs registered quarterly from 2017 to

2021. I also restrict observations so that the difference between the registration year and the model

year is less than one year, allowing the sample to proxy EV purchases. I then compute county-level

EV prices as weighted averages, usingMSRPs that I hand-collected at themake–model–year level3.

Unlike EVs, there is no publicly available county-level registration data for GVs. However, the

Department of Energy releases annual state-level vehicle sales by fuel type, and Kelley Blue Book

press releases provide U.S. monthly average auto prices. I apportion these to counties using each

county’s share of the state population and its per-capita income relative to the national level, and

then combine them with the EV data. The population and income data are from the Census and

the Bureau of Economic Analysis (BEA). Lastly, for aggregate consumption and controls, I use con-

sumer expenditure and price index data from both BEA and BLS. Other data sources are reported

below.
2Colorado, Connecticut, Maine, Minnesota, Montana, New Jersey, NewMexico, NewYork, North Carolina, Oregon,

Tennessee, Texas, Vermont, and Virginia
3MSRP sources: InsideEVs, Kelley Blue Book, and press releases from each EV brand.
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2.2 U.S. Electric Vehicle Market

EV Adoption Global electric vehicle (EV) sales have surged in recent years. According to the

International EnergyAgency (IEA, 2025), the global sales share of battery EVs rose from 3% in 2019

to 15% in 2022 and reached 22% in 2024. Among the countries contributing most to this growth is

China. As shown in Figure 1, China is both the largest and fastest-growing market for EVs, with

battery EVs accounting for 48% of total vehicle sales in 2024. The European Union (EU) and the

United States have also experienced steady increases in EV adoption, but their total sales volumes

remain only about 23% and 19% of China’s, respectively. While the U.S. sold slightly fewer EVs

than the EU, its sales share is considerably lower—21% in the EU compared to just 10% in the U.S.

Notes: This figure shows the sales of electric vehicles both in units (millions) and percentage in each
region from 2019 to 2024. Regions include China, 27 countries in the European Union, United States
and countries in Asia Pacific regions excluding China. Data source: Global Electric Vehicle Outlook 2025

Figure 1: Electric Vehicle Sales by Region, 2019-2024

There are many reasons for the slow adoption of EVs in the US such as limited charging infras-

tructure, ineffective policy design, and lack of awareness for new technologies. However, one of

the most persistent barriers remains the high purchase price of EVs relative to gasoline vehicles

(GVs). A 2023 survey conducted by the European Commission identified the high price of EVs as

the primary factor discouraging potential buyers (Vanhaverbeke et al., 2023). In the United States,

the average price of EVs was about 50% higher than the overall vehicle average in 2019. Although

this price gap narrowed to 15% in 2024, EVs remain more expensive than conventional vehicles.

The trend of higher EV prices in the U.S. may be attributed to the market’s orientation toward
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premium, higher-endmodels. IEA (2025) reports that the share of EVs sold at less expensive price

than comparable conventional vehicles was only 4% in 2021 and 17% in 2024 in the U.S., whereas,

in China these shares reached 51% and 65%, respectively. This contrast suggests that the U.S. EV

market remains a premium segment, rather than an affordable segment.

Another characteristics of the EVmarket aligns with its premium orientation is distinct purchasing

patterns across income levels. Figure 2 illustrates this relationship by plotting a relative Engel curve

of EV-to-GV consumption in the U.S., using county-level registration data from EV Hub. Specifi-

cally, the log of residual real EV-to-GV consumption is regressed on the log of residual aggregate

real consumption over the period 2019 to 2022. The residuals are obtained from OLS regression

with state fixed effects and county-level controls.4 The figure reveals a clear positive relationship

between consumer income and EV adoption: the share of EV purchases relative to GVs increases

with income, confirming that EV demand is highly income-elastic. Also, the upward trend does

not fade at higher income levels, indicating that the positive relationship between income and EV

purchases persists throughout the income distribution. This observation provides the foundation

for the theoretical framework employing non-homothetic CES preferences in Section 3.

Notes: This figure illustrates partial correlation between relative real electric vehicle (EV) consumption
and aggregate real consumption. Using U.S. county-level data from 2019-2022, the figure plots the
residual (log) share of real EV consumption relative to gasoline vehicles on the y-axis and residual
(log) real income on the x-axis, after partialling out state fixed effects and country-level controls. The
positive relationship indicates that the relative consumption of EVs increases with income.

Figure 2: Partial Correlations of electric vehicle and aggregate real consumption

Electric Vehicle Production The majority of EV models sold globally are assembled domesti-
4Controls include county-level metro-status, average age, sex and education level of the population.

6



cally. According to the IEA Global EV Outlook 2023, more than 75% of global EV sales originate

from domestically producedmodels rather than imports5. This pattern also holds for the U.S. mar-

ket. Horowitz et al. (2021) reports that 95% and 90% of EVs sold in the U.S. during 2018-2019 were

assembled domestically, primarily consisting of the Tesla Model 3, Model X, Model S, Chevrolet

Bolt EV and Nissan LEAF. This evidence supports the theoretical assumption that the EV industry

is non-tradable in section 3.

2.3 Battery Industry

Batteries are a key component in EV production, accounting for 30-40% of the vehicle’s total value.

Most EVs rely on lithium-ion batteries, which are mainly based on one of three chemistries: nickel

manganese cobalt (NMC), nickel cobalt aluminum (NCA) and lithium iron phosphate (LFP).

Among them, NMC batteries have higher energy density but are more expensive due to their

reliance on nickel and cobalt, whereas LFP batteries are cheaper but have lower energy density.

Reflecting these cost–performance trade-offs, NMC batteries are more prevalent in European and

North Americanmarkets, while LFP batteries dominate in China. Because each chemistry involves

distinct material requirements and processing, the choice of battery type shapes the structure of

the associated supply chain.

The global battery supply chain is largely led by East Asian countries. The upstream stages –

frommaterial processing to manufacturing required for cell production – are dominated by China,

which produces nearly all LFPmaterials and over three-quarters of nickel-based chemistries. South

Korea and Japan follow as major producers, particularly for nickel-rich cathode materials. While

most of this production remains concentrated in these countries, firms have begun establishing

plants abroad to meet growing demand and regional policy requirements.

The downstream stages are also led primarily byAsian firms,where battery cells are assembled and

packaged for use in EV production. However, the physical assembly of cells increasingly occurs

closer to major EV markets. As shown in Figure 3, global lithium-ion cell production capacity is

distributed in linewith EV sales and battery demand6, with the largest capacities in China, Europe,
5See Figure A1 in Appendix A
6See Figure A2 in Appendix A.
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Notes: This figure exhibits total battery production capacities across regions as well as the composition
of firmswhich own the facilities by their headquarters’ country of origin in 2022. China has the largest
capacities worldwide, followed by South Korea and Japan. Data Source: Automotive Manufacturing
Solution Lithium-ion Battery Gigafactory Database

Figure 3: Lithium-Ion Battery Cell Production Capacity by Region and Firm Origin

and the United States, respectively.

The composition of the firms of origin owning the manufacturing capacity varies by country. Next

to domestic firms, the largest foreign companies owning the capacity are from South Korea (LG

Energy Solution, SK On, Samsung SDI) taking 17%, 62%, and 31% in China, Europe and United

States, respectively in 2022. It is then followed by companies from Japan (Panasonic, Envision

AESC). Still, companies from China (e.g., CATL, BYD) is dominant in the global level, taking 79%

and 13% of capacity in home and Europe. The ownership composition of this capacity varies by re-

gion. In 2022, firms from SouthKorea—LGEnergy Solution, SKOn, and Samsung SDI—accounted

for 17%, 62%, and 31% of total manufacturing capacity in China, Europe, and the United States,

respectively. They are followed by Japanese companies such as Panasonic and EnvisionAESC. Chi-

nese firms, notably CATL and BYD, remain the global leaders, holding roughly 79% of capacity in

China and 13% in Europe.

2.4 The U.S. Inflation Reduction Act

As part of the largest investment in clean energy and climate action in U.S. history, the IRA offers

New Clean Vehicle Credit (30D) which includes consumer subsidy for EV purchase up to $7,500

in the form of tax credit. Eligibility is conditional on both income cap and a domestic content re-

quirement. Additional conditions include amanufacturer’s suggested retail price (MSRP) cap and
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the requirement that final assembly occur in North America. To simplify the analysis, the MSRP

cap is omitted from the model, and the final assembly requirement is represented through a non-

tradable assumption for the EV sector. Empirically, this assumption is well supported: Horowitz

et al. (2021) report that 90% of EVs sold in 2019 were assembled in the United States. Under the

income cap, only households below specific thresholds7 are eligible for the tax credit when pur-

chasing EVs that meet the domestic content requirement. The latter stipulates that at least 50% of

battery components must be manufactured or assembled in North America before 2024, with the

required share increasing by 10 percentage points each year until reaching 100% by 2029.

These two conditions serve as policy tools designed to align private incentives with public objec-

tives. The income cap broadens market access by financially supporting households that previ-

ously faced barriers to EV adoption due to high prices and the high-income elasticity of demand.

This, in turn, encourages EV producers to develop entry-level models tailored to eligible con-

sumers, contributing both to climate-change mitigation and to the diffusion of green technologies.

To serve these eligible consumers, however, EV firms must satisfy the policy’s domestic input

threshold. Meeting this requirement increases unit production costs, since sourcing domestic in-

puts is typically more expensive. Global battery producers benefit from economies of scale and

have concentrated production in countries with large EV markets. Contrary to this, U.S. battery

production capacity has historically been lower and this results in higher domestic prices relative

to global levels. Moreover, the geographic concentration of green technologies in China has be-

come a major driver of geopolitical rivalry with the U.S. The domestic content requirement thus

aims to expand the U.S. battery sector, increase EV adoption, and enhance supply chain resilience

by reducing dependence on foreign countries, mostly China. While the provision supports both

domestic and foreign investment, it implicitly favors attracting FDI as it is more efficient in accel-

erating capability development than relying solely on indigenous innovation.

As part of a broader strategy to decouple from geopolitical rivals and compete in the development

of new technologies, the policy includes a clause known as the Foreign Entity of Concerns (FEOC)

restriction. These entities are defined as China, Russia, and North Korea, and the tax credits pro-
7$300,000 for married couples filing jointly, $225,000 for heads of household, and $150,000 for single filers
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vided under the IRA are restricted when the supply chain includes battery components sourced

from them. I, therefore, exclude China from the analysis.

3 Theoretical Framework

I develop a two-country general equilibriummodel of international trade that captures the mecha-

nism of the U.S. Inflation Reduction Act (IRA), along with the key features of electric vehicle (EV)

market outlined in the previous section. The central mechanism of the means-tested subsidies and

domestic content requirements operates through consumer heterogeneity and the transmission of

demand responses through the multi-stage EV supply chain. Depending on these heterogeneous

consumer responses, EV producers determine the share of domestically sourced batteries, and bat-

tery producers subsequently decide whether to serve the market through export or foreign direct

investment (FDI).

In themodel, consumers differ in their income levels. To reflect a feature of the IRAwhich provides

subsidies in the form of income-based tax credits, the model incorporates progressive taxation and

transfers (Benabou, 2002). With their resulting disposable income, consumers allocate spending

across multiple sectors according to non-homothetic preferences (Caron et al., 2014; Comin et al.,

2021; Duernecker et al., 2024).

On the production side, EV and battery producers are vertically linked in a multi-stage EV sup-

ply chain (Yi, 2010). Each stage features monopolistic competition with heterogeneous firms, as

in Melitz (2003); Chaney (2008). Based on their productivity, EV producers choose their opti-

mal consumer segment and determine the share of inputs sourced domestically versus imported

(Nigai, 2025; Blaum et al., 2018). Given differences in market demand across modes of serving

foreign markets, battery producers then decide whether to export or engage in FDI based on the

proximity-to-concentration trade-off (Brainard, 1997; Markusen, 2002; Helpman et al., 2004).

3.1 Taxation

Consider L consumers, indexed by φ. Each consumer is endowed with l(φ) units of labor, where

the average endowment is one unit. Individuals supply labor inelastically at thewage rate w. Labor
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is perfectly mobile across sectors within a country but immobile across countries.

Consumer φ earns pre-tax income y(φ) defined as y(φ) = l(φ) ·w+ dd+ tt, where dd and tt denote

average dividend income and tariff revenue, respectively. After taxes and transfers, disposable

income yd(φ) is determined by a non-linear function with progressivity parameter ρ:

yd(φ) = y(φ)1−ρ(ỹ)ρ (1)

The degree of redistribution increases with ρ ∈ [0, 1]. As ρ → 1, disposable income becomes fully

equalized across consumers while no distribution occurs when ρ → 0. The break-even income

level ỹ satisfies the government budget balance condition:

∫
φ

y(φ)dφ =
∫

φ
y(φ)1−ρ(ỹ)ρdφ + G (2)

where total pre-tax income equals total disposable income plus government spending, G. After

the policy intervention, G > 0 represents government expenditure on means-tested subsidies for

EV purchases, financed by tax reveneus. In the baseline model, G = 0.

3.2 Consumer Preferences

I assume three nested non-homothetic CES demand system. Figure 4 summarizes the structure of

a consumer φ’s demand in a consumption tree. Consumers spend their disposable income on final

goods – auto, manufacturing goods and service– where auto sector is divided into gasoline vehicle

(GV) and EV industries. EV industry is composed of a continuum of vehicle models in a imper-

fectly competitive market. On the other hand, manufacturing, service sectors and GV industry are

perfectly competitive. Also, both service sector and EV industry are assumed to be non-tradable.

In this demand system, consumers choose purchases to maximize their aggregate consumption

(utility), u(φ). In doing so, they substitute between EVs and GVs, as well as across EV models,

according to their income elasticity of demand and preferences for quality. I first present demand

system for EVs and then proceed to describe the demand for other sectors.
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Notes: This diagram illustrates the consumption tree of a consumer, φ, who has a three-tiered non-
homothetic CES preference structure. Only the service sector and the electric vehicle (EV) industry
are non-tradable. The consumer allocates disposable income, yd(φ), across vehicles (auto), manufac-
tured goods, and services. Within the vehicle category, the consumer can substitute between gasoline
vehicles and EVs, as well as across EV models, ϕ. All other sectors and industries consist of domestic
and imported aggregate goods.

Figure 4: Consumption Tree of Consumer φ

Demand for EVs In the upper tier, consumers allocate their disposable income across auto (k =

a), manufacturing (k = m) and service (k = s) sector.

u(φ) =

(
Σ

k=a,m,s
γ

1
σ1
k ck(φ)

σ1−1
σ1 u(φ)

ϵk−1
σ1

) σ1
σ1−1

(3)

In the middle tier, they choose between GVs (k = g) and EVs (k = e) within the auto sector.

ca(φ) =

(
Σ

k=g,e
γ

1
σ2
k ck(φ)

σ2−1
σ2 u(φ)

ϵk−1
σ2

) σ2
σ2−1

(4)

γk are the demand shifters, where γk = 1 for all k, except for γe ̸= 1. Also, σ1, σ2 > 0 are the

elasticities of substitution between sectors in upper and middle tier, respectively while ϵk > 0

captures the income effects in sector k. The parameters should meet the constraints (ϵk − σ1)/(1−

σ1) > 0 for k = a, m, s in the upper tier and (ϵk − σ2)/(1 − σ2) > 0 for k = g, e in the middle tier.

In the bottom tier, consumers choose EV models, indexed by ϕ, within the EV industry as:

ce(φ) =

( ∫
λ(φ, ϕ)

1
σ3 ce(φ, ϕ)

σ3−1
σ3 dϕ

) σ3
σ3−1

(5)
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where σ3 > 1 is the elasticity of substitution between EV models. The non-homotheticity of the

demand in this tier is specified as a demand shifter λ(φ, ϕ) which captures consumer tastes for

quality that are consistentwith their income level – higher-income consumers prefer higher-quality

models. Further discussion of λ(φ, ϕ) is provided below.

Solving the maximization problems of (3), (4), (5) lead to φ’s demand for an EV model ϕ:

ce(p(ϕ); φ) = λ(φ, ϕ)
( p(ϕ)

Pe(φ)

)−σ3
ce(φ), (6)

where ce(φ) = γePe(φ)−σ2 Pa(φ)σ2−σ1 P(φ)σ1 u(φ)ϵe+ϵa−1

ce(φ) is consumer φ’s aggregate consumption in the EV industry and p(ϕ) is the price of an EV

model ϕ. The price indices for EV industry, Pe(φ), auto sector, Pe(φ), together with the aggregate

price index, P(φ), are specified as

Pe(φ) =
( ∫

φ
λ(φ, ϕ)p(ϕ)dϕ

) 1
1−σ3 ,

Pa(φ) =
(

Σ
k=g,e

γkck(φ)ϵk−1Pk(φ)1−σ2
) 1

1−σ2

P(φ) =
(

Σ
k=a,m,s

γkck(φ)ϵk−1Pk(φ)1−σ1
) 1

1−σ1

Demand for Other Sectors For all other sectors, the upper tier is the same as the equation

(3). The nests below manufacturing sector and GV industry in country i consist of domestic and

imported goods, each of which is specified as cik(φ) =
(

Σ
j
cjik(φ)

σ3−1
σ3

) σ3
σ3−1 for k = m, g, where

cjim(φ) =
(

Pjim
Pi(φ)

)−σ1
u(φ)ϵm−1, cjig(φ) =

(
Pjig

Pia(φ)

)−σ2( Pia
Pi(φ)

)−σ1
u(φ)ϵg+ϵa−1 and cis(φ) =

(
Pis

Pi(φ)

)−σ1
u(φ)ϵs−1.

3.3 Multi-Stage Production

In this section, I describe how EV firms and battery firms are connected through a multi-stage EV

supply chain. As illustrated in Figure 5, domestic EV firms optimally choose to link with both

consumers and the battery industry, while foreign battery firms, in turn, determine their mode
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of serving the domestic EV market. For convenience, I denote the EV firm and the EV model it

produces by ϕ, and the battery firm and the variety it produces by ω.

Notes: This diagram illustrates the electric vehicle (EV) market, including the multi-stage production
structure of the EV supply chain in home country. It summarizes the mechanism through which the
EV market and supply chain are shaped by the decisions of domestic EV firms and foreign battery
producers. Domestic EV firms endogenously target consumer segments by choosing x(ϕ) and deter-
mine the domestic sourcing share of batteries, s(ϕ). In response to demand from the home country,
foreign battery producers choose whether to export or undertake foreign direct investment.

Figure 5: Firm Choices in Multi-Stage Production

3.3.1 Electric Vehicle Production

Consider Ne firms, each producing a unique EV model ϕ and operating only in its home country.

The problem of an EV firm is twofold: (i) it decides which income group to target as its primary

consumers; (ii) it chooses the share of intermediate inputs – batteries – sourced domestically. I

assume there are no fixed costs associatedwith entry into importing, allowing every firm to rely on

imported batteries for at least a certain share of production. This assumption is not unreasonable,

given that the focus is on U.S. EV production, where most firms depend on foreign batteries as key

inputs.
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Consumer Targeting There is a vector of D dimensional product attributes of EVs and firm ϕ

chooses the linear combination of these attributes denoted by x(ϕ) to target consumers.

x(ϕ) = ξ(ϕ)T, where X(ϕ) : RD → R+ (7)

Note that consumers’ tastes are characterized by attributes of the ideal product for φ that is denoted

by f (φ) : R → [0, 1]. Then the demand shifter is characterized as

λ( f (φ), x(ϕ); δ) =
[
1 + δ

(
f (φ)− x(ϕ)

)2
]−1

(8)

where δ denotes the rate at which quadratic deviations from the most preferred characteristics

lower utility for consumer φ. That is, the distance between f (φ) and x(ϕ), together with δ rep-

resent how much demand will be collect around the target consumer segment. If f (φ) = x(ϕ),

the demand of φ for ϕ is the largest conditional on p(ϕ). If f (φ) ̸= x(ϕ) and the deviation gets

bigger, φ’s demand for ϕ becomes smaller which means that ϕ is only picking up partial amount

of demand of φ.

When firms target consumer segments, they know, by assumption, that consumers with higher

pre-tax income have higher measure of taste f (φ) and higher fixed costs are needed to target the

higher income consumers. This is because relatively larger resources should be put to figure out

their tastes and thus only firms with higher productivity can target them.

Input Sourcing Decision Consider following production functions of an EV firm ϕ:

y(ϕ) = ϕ · l(ϕ)1−αz(ϕ)α (9)

z(ϕ) =
(

z
η−1

η

H + zF
(
Ω(ϕ)

) η−1
η

) η
η−1 (10)

zF
(
Ω(ϕ)

)
=

( ∫
Ω(ϕ)

m(ω)
κ−1

κ dω

) κ
κ−1

(11)

where η, κ > 1 are the elasticity of substitution between the composite input sourced domestically

and abroad, and across imported input varieties, respectively. To produce an EV model, firm ϕ
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combines labor l(ϕ) and an intermediate input bundle z(ϕ), with α ∈ (0, 1) representing the share

of z(ϕ). The input bundle z(ϕ) consists of domestically produced composite batteries, zH, and im-

ported composite batteries, zF
(
Ω(ϕ)

)
. Both zH and zF

(
Ω(ϕ)

)
are aggregates of demand for battery

varieties, m(ω), combined using a CES function. While all domestic varieties are sourced by all do-

mestic firms, imported varieties are endogenously selected by each firm ϕ, which is characterized

by its sourcing strategy Ω(ϕ).

The price index for the input bundle is specified as

Q(Ω
(
ϕ)
)
=
(

q1−η + A
(
Ω(ϕ)

)1−η
) 1

1−η (12)

where q and A
(
Ω(ϕ)

)
are the price index for the domestically produced and imported composite

batteries, respectively. To specify A
(
Ω(ϕ)

)
, Ω(ϕ) should be defined first.

The sourcing strategy, Ωj(ϕi), is defined as the set of foreign battery varieties, ω, imported by

domestic firm ϕ. When the firm chooses the least efficient variety, ω̄, that it is willing to import,

then the set is endogenously determined as all varieties that are more efficient than ω̄. Then, the

sourcing strategy of the firm ϕi in country i is specified as:

Ω(ϕi) = {ωj|ωj ≥ ω̄j(ϕi) and ωj ≤ ω I
j }

where ω I
j is a given productivity cutoff for battery firms in country j, choosing FDI over export

when serving foreign market.

With the definition of the sourcing strategy and the distribution assumption on the productivity of

battery firms, the price index for imported composite batteries, A
(
Ω(ϕ)

)
can be defined. Suppose

that battery firms are distributed as Pareto with the shape parameter θ, such that Pr(ω̄j(ϕ) ≤ ω) =
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1 − (ωmin/ω)θ where θ > min[1, κ − 1]. Then, A(Ω(ϕ)) can be expressed as

A
(
Ω(ϕ)

)
=
( ∫

Ω(ϕ)

[ κ

κ − 1
wτ

ω

]1−κ
dω
) 1

1−κ (13)

=


0 if ω̄(ϕ) > ω I

a ·
[
n(ϕ)1+ 1−κ

θ − (nI∗)1+ 1−κ
θ

] 1
1−κ if ω̄(ϕ) ≤ ω I

≡A(n(ϕ))

where ω I is the FDI cutoff and a is a constant.8 n(ϕ) and nI∗ are the share of the foreign battery

varieties imported and produced domestically, respectively9. Given the parameter constraints, the

price of imported composite batteries can be expressed as a function of n(ϕ) and decreases as the

firm sources larger share of foreign varieties.

Then, given the constant returns to scale production function, the unit cost and the domestic input

share is specified as

uc
(
Ω(ϕ)

)
=

w1−αQ
(
n(ϕ)

)α

ϕ
, s(ϕ) ≡ s

(
n(ϕ)

)
=

(
q

Q
(
n(ϕ)

))1−η

(14)

By combining two equations in (14), the unit cost uc
(
n(ϕ)

)
can be expressed with s(ϕ) without

the need to specify the share of foreign battery vareities imported, n(ϕ), as well as the price indices

Q(n(ϕ)) and A(n(ϕ)).

uc
(
ϕ
)
=

w1−α

ϕ

(
q · s(ϕ)

1
η−1

)α

Profit Maximization Problem Note that consumers ranked as f (φ) according to their taste and

income are characterized by the cumulative density function (c.d.f.) of H(φ). Then, given

ce
(

f (φ), x(ϕ), p(ϕ); φ
)
in equation (6), the aggregate demand that firm ϕ faces is specified as

Ce
(

p(ϕ), x(ϕ)
)
= p(ϕ)−σ3 v(x(ϕ)), where v(x(ϕ)) = L

∫
φ

Pe(φ)σ3 ce(φ)

1 + δ
(

f (φ)− x(ϕ)
)2 dH(φ) (15)

8The constant aji is specified as aji = ω−1
j,min

(
Njbθ

θ−(κ−1)

) 1
1−κ κ

κ−1 wjτji
9See Appendix B for further details about the derivation.
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where L is the total number of consumers. Then, the profit function can be expressed as

πe(p(ϕ), x(ϕ)) = p(ϕ)Ce(p(ϕ), x(ϕ))− uc(ϕ)Ce(p(ϕ), x(ϕ))− C(ϕ) (16)

where C(ϕ) is a simplified notation for ϕ’s sourcing cost plus targeting cost. Maximizing the profit

function with respect to p(ϕ) leads to constant mark-up pricing:

p(ϕ) =
σ3

σ3 − 1
w1−α

ϕ

(
q · s(ϕ)

1
η−1

)α
(17)

Plugging p(ϕ) back into the profit function yields the firm’s optimization problem, where firm ϕ

(i) chooses the domestic input share, s(ϕ), and (ii) targets the consumer base, x(ϕ). The profit

function to be optimized is specified as follows:

πe
(
s(ϕ), x(ϕ)

)
=

L
σ3

( σ3

σ3 − 1
w1−αqα

ϕ

)1−σ3
s(ϕ)

α(1−σ3)
η−1 v(x(ϕ))− w f imSC

(
s(ϕ)

)
− TC

(
x(ϕ)

)
where SC

(
s(ϕ)

)
denotes the sourcing cost, measured in labor units and associatedwith the number

of input varieties imported. f im is a scale parameter that governs the baseline level of this cost.

TC
(
x(ϕ)

)
is the cost for targeting consumer base specified as b · x(ϕ)β where b is a constant and

β ≥ 3 so that marginal cost of elevating target consumer costs is strictly convex.

To be specific about the sourcing cost, it is more intuitive to express it as SC
(
n(ϕ)

)
since it implies

such costs paid to search appropriate varieties and make contracts when importing from foreign

producers: SC
(
n(ϕ)

)
= n(ϕ)1+ 1−κ

θ − (nI∗)1+ 1−κ
θ . However, to keep the optimization problem sim-

ple as possible, it can be summarized as a function of the domestic input share s(ϕ) based on equa-

tion (13) and (14): SC
(
s(ϕ)

)
=
(

1−s(ϕ)
s(ϕ)

) 1−κ
1−η
(

q
a

)1−κ
.10 As such, since SC

(
s(ϕ)

)
is proportional

to the range imported battery varieties, it decreases as the firm sources a larger share of inputs

domestically – that is, as s(ϕ) increases.

The trade-offs that firms face when choosing {s(ϕ), x(ϕ)} are as follows. First, imported inputs

entail higher costs due to expenses associated with search, contracting, and coordination frictions,

yet they enable firms to lower unit production costs, which drives the price down. Therefore, more
10See for detailed derivation in Appendix B.
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productive firms tend to rely more on foreign batteries, taking advantage of economies of scale.

In addition, targeting higher-income consumers is more costly, as they have more luxurious tastes,

requiring firms to incur higher costs to enhance product quality. Moreover, they represents only a

relatively small share of the population. Nevertheless, firms can benefit from their higher average

expenditure levels. Based on these trade-offs, optimal domestic input share and target consumer

base, {s∗(ϕ), x∗(ϕ)}, are chosen as:

{s∗(ϕ), x∗(ϕ)} = arg max
s(ϕ),x(ϕ)

{
πe(s(ϕ), x(ϕ))

}
(18)

3.3.2 Battery Production

From this section, I introduce the subscript i, j to denote countries. Let’s assume i as home and j

as foreign country. There are Nb number of battery firms each of which produces a unique battery

variety ω. The batteries are used only as a key input of EV model, meaning that they are excluded

from the final consumption. Consider the battery sector as tradable and I assume all firms are

potential exporters. This means that no fixed cost is charged to initiate exporting goods since it is

paid by the EV firms when they import batteries (Antras et al., 2017).

Note that this section introduces Foreign battery firmωj’s problemgiven ϕi’s decisions in Home. All

firms operating in the industry serve domesticmarket through domestic production. They can also

serve consumers in the foreign market either through exporting or making FDIs (Helpman et al.,

2004). The choice depends on the proximity–concentration trade-off (Brainard, 1997; Markusen,

2002), where FDI reduces trade costs but entails fixed costs of establishing a new production site,

relative to exporting. I allow the market size across modes of serving foreign consumers to varyso

that the extent of economies of scale can be assessed from both the demand and supply side.

Let’s start with identifying the profit function when ωi chooses to export. Given the aggregate
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demand index for exports that ωi faces, DXij(ωi), the potential profit can be specified as

πX
ijb(ωi) =

1
κ

( κ

κ − 1
wiτijb

ωi

)1−κ
DXij(ωi), (19)

where DXij(ωi) = Nje

∫
ϕj∈Φ(ωi)

qi
(
Ω(ϕj)

)κ−1
(1 − s(ϕj))Ej(ϕj)dFj(ϕj) (20)

where wj is the cost of an input bundle and τijb = (1+ tijb)dijb is the trade cost of exporting batteries

from i to j which consists of ad-valorem tariff rate tijb and iceberg cost dijb > 1. Eim
j (ϕj) is the total

expenditure of ϕj on imported batteries11 and qi
(
Ωi(ϕj)

)
is the price index for composite battery

inputs. Φj(ωi) = {ϕj|ωi ∈ Ω(ϕj)} is a set of EV firms in Foreign (j) that ωi exports batteries to.

Likewise, given the aggregate demand index for domestically produced batteries in Foreign (j),

DDj, the potential profit function when ωi chooses to make FDI in Foreign (j) is

π I
ijb(ωi) =

1
κ

( κ

κ − 1
wj

ωi

)1−κ
DDj − wj f I

j where DDj = Nje

∫
ϕj

qκ−1
j s(ϕj)Ej(ϕj)dFj(ϕj) (21)

f I
j is the fixed cost of establishing a production site in j in unit of labor. Ej(ϕj) and qj are the total

expenditure and the price index of domestically produced batteries, respectively. These are not

ω-specific since EV firms source from all domestically produced batteries. In align with this, the

profit of ωi obtained by operating in domestic market is πD
ib (ωi) = 1

κ

(
κ

κ−1
wi
ωi

)1−κ
DDi. Then, the

choice rule can be set as

Firm ωi


exports when πX

ijb(ωi) > π I
ijb(ωi)

make an FDI when πX
ijb(ωi) ≤ π I

ijb(ωi)

(22)

where ωX
i and ω I

i are a set of firms in i exporting and making FDIs, respectively.

11Ej(ϕj) = α σ3−1
σ3

rje(ϕj) where rje(ϕj) is the operating revenue of ϕj defined as

rje(ϕj) = Lj

( σ3
σ3 − 1

w1−α
j (qH

j )α
)1−σ3

ϕσ3−1
j s∗j (ϕ)

α(1−σ3)
η−1 v(x∗j (ϕ))
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3.4 Equilibrium

In this section, I specify the aggregate variables of EV and battery sectors. Refer to Appendix B for

other sectors’ variables (auto, manufacturing and service). Note that the mass of firms in EV and

battery sector is Nie and Nib respectively. For simplicity, I assume that the firms neither enter nor

exit. This means that zero profit condition is not binding in this model. The c.d.f. of ϕ and ω are

denoted by F(ϕ) and M(ω). Then, given the individual firm’s optimal profit and optimal mode of

serving foreign firms, the aggregate profits are specified as:

Πie = Nie

∫
ϕ

πie
(
ϕ, s∗(ϕ), x∗(ϕ)

)
dFi(ϕ) (23)

Πib = Nib

{ ∫
ωi

πD
ib (ωi)dMi(ωi) +

∫
ωi∈ωX

i

πX
ijb(ωi)dMi(ωi) +

∫
ωi∈ω I

i

π I
ijb(ωi)dMi(ωi)

}
(24)

The price indices for EV sector, Pie(φ), and for battery sector, qd
i are specified as

Pie(φ)1−σ3 = Nie

( σ3

σ3 − 1
w1−α

i (qH
i )

α
)1−σ3

∫
ϕi

[
1 + δ

(
fi(φ)− x∗i (ϕ)

)2]−1s∗i (ϕ)
α(1−σ3)

η−1 ϕσ3−1dFi(ϕ)

(25)

(qi)
1−κ =

( κ

κ − 1
wi

)1−κ
[

Nib

∫
ω

ωκ−1
i dMi(ω) + Njb

∫
ωj∈ω I

j

ωκ−1
j dMj(ω)

]
(26)

Equation (25) shows that the average EV price that consumer φ faces differs by i) the matching

between her taste and EV firm ϕ’s targeting and ii) the domestic input share used by the firm. It is

relatively easy to understand that a specific ϕ’s increased use of domestic batteries raises the overall

price index for φ. However, the extent of the effect of the same price increasewould actually impact

the price index for consumers differently. If the ϕ is targeting higher-income consumers, then their

price index will be more adversely affected than lower-income consumers’. Equation (26) is the

price index for domestically produced batteries and it falls if more firms from j decide to build

production sites in i.
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Aggregate expenditure and export flows from i to j with tariff can be characterized by as follows:

Xie =
∫

φ

∫
ϕi

s∗i (ϕ)
α(1−σ3)

η−1 ϕσ3−1dFi(ϕ)∫
ϕi

[
1 + δ

(
fi(φ)− x∗i (ϕ)

)2]−1s∗i (ϕ)
α(1−σ3)

η−1 ϕσ3−1dFi(ϕ)
LiPie(φ)cie(φ)dHi(φ) (27)

Xiib = Nie

∫
ϕ

s∗i (ϕ) · rie
(
ϕi, s∗i (ϕi), x∗i (ϕi)

)
dFi(ϕ) (28)

Xijb = Nje

∫
ϕ

(
1 − s∗j (ϕ)

)
· rje
(
ϕj, s∗j (ϕj), x∗j (ϕj)

)
dFj(ϕ) (29)

Next, I describe how the pre-tax household income yi(φ) is determined. As explained at the be-

ginning of section 3, consumers differ their labor endowment li(φ). On average, each consumer

possess one unit of labor such that
∫

φ li(φ)dHi(φ) = 1. Besides the labor income, consumers also

earn dividend ddi from firm profits and tariff revenue tti collected from battery trade:

yi(φ) = li(φ)wi + ddi + tti, where


ddi =

1
Li
(Πie + Πib)

tti =
1
Li

tijb
Xijb

1+tijb

(30)

Since there is only one country to collect the tariff from, I let the tariff revenue per consumer to be tti

instead of ttij. Then, with the price indices for the rest of the sectors in Appendix B, the aggregate

price index is expressed as

Pi(φ) =

(
Σ

k=a,m,s
γik · ui(φ)ϵk−1Pik(φ)1−σ1

) 1
1−σ1

(31)

Again, with the total export flows for the rest of the sectors, I close the model by specifying the

trade balance condition:

Σ
j
Σ
k

Xijk

1 + tijk
+ Di = Σ

j
Σ
k

Xjik

1 + tjik
(32)

where k ∈ {m, s, g, e, b} and Di is an exogenous deficit constant. Also, only tijb > 0 while tariff for

other sectors are all zeros. Through the equation (32), wage is determined.

Definition: Given sets of economic fundamentals C = {ρ, H(φ), σ1, σ2, σ3, ϵa, ϵm, ϵs, ϵg, ϵe, γ}, F =

{α, η, κ, δ, β, b, tijb, dijb, Fi(ϕ), Mi(ω), f im
i , f I

i } and O = {Aim, Ais, Aig, Li, τij, Nie, Nib}, an equilibrium

is a vector of wage and price index {wi, Pi(φ)} that satisfies equation (18), (22), (23), (24), (25), (26),
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(27), (28), (29), (30), (31), and (32) for all φI , ϕi, ω, i and j.

4 Policy Intervention

I benchmark the U.S. IRA to construct two policy interventions: (i) a consumer subsidy rate, S,

and (ii) a domestic input requirement, T. The subsidy is subject to eligibility conditions, as only

householdswithin a certain income range qualify. Likewise, the domestic input requirement serves

as an eligibility condition for EV producers. Both policies are implemented only in Home.

First, I define ỹ in equation (2) as the income cutoff for eligible consumers. As a constant that

ensures government budget balance, ỹ also represents the threshold distinguishing consumers

who receive a net transfer from those who pay a net tax. Hence, ỹ serves as an appropriate cutoff

to identify the low- to middle-income consumers targeted by the policy.


y(φ) ≤ ỹ : φ receives a net transfer ⇒ φ ∈ φE : Eligible

y(φ) > ỹ : φ pays a net tax ⇒ φ ∈ φI : Ineligible
(33)

After applying the subsidy rate, the effective price of an EV model faced by consumers becomes

p′(ϕ), creating a wedge between the consumer price and the firm price, p(ϕ).

p′(ϕ) = (1 − S) · p(ϕ), S =


∈ (0, 1), if φ ∈ φE, ϕ ∈ ϕE

0, otherwise
(34)

Then, government spending G > 0 in equation (2) is defined as the total amount of subsidies:

G =
∫

ϕ∈ϕE
S · p(ϕ) · Ce

(
p′(ϕ), x(ϕ)

)
(35)

where Ce
(

p′(ϕ), x(ϕ)
)
is the aggregate demand for ϕ in equation (15).

Given consumers’ choices in EV adoption, an EV firm should also decide whether to comply with

the policy T. If it complies, the EVmodel it produces become eligible for subsidieswhen purchased

by qualifying consumers. The firm’s decision is made in two steps. First, it computes potential
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profit levels when it is eligible, πE(ϕ) and when it is ineligible, π I(ϕ). It then chooses the option

that yields the higher profit.

Step 1. πE(ϕ) = max
s(ϕ),x(ϕ)

π(s(ϕ), x(ϕ)) s.t s(ϕ) ≥ T

π I(ϕ) = max
s(ϕ),x(ϕ)

π(s(ϕ), x(ϕ)) s.t s(ϕ) < T

Step 2. ϕ =


ϕE if πE(ϕ) ≥ π I(ϕ)

ϕI if πE(ϕ) < π I(ϕ)

5 Quantitative Analysis

5.1 Calibration

I calibrate Home(i) to the U.S. and Foreign(j) to 13 developed countries in 201912. There are three

sets of key parameters: C, F, and O, each of which denotes parameters related to consumers, firms

and others respectively. Let’s start with the parameters on the consumption side.

C = {ρ, H(φ), σ1, σ2, σ3, ϵa, ϵm, ϵs, ϵg, ϵe, γ}

Tax progressivity ρ is estimated based on the log-linear relationship between pre-tax income and

disposable income in equation (1). Following Antràs et al. (2017), I use income distribution data

fromCongressional Budget Office. The data contains annual income before and after transfers and

taxes for eight groups of U.S. households classified by the income level.13 I estimate the average ρ in

2019 and 2021 as 0.1887. In 2019 and 2021, ρ is 0.175 and 0.2with R-sqaured of 0.99. Since the degree

of progressivity jumped in 2020 due to Covid-19, I smooth it out by using the data before and after.

As a sensitivity check, I also conducted the estimation using different data; I employ Panel Study

of Income Dynamics (PSID) with NBER TAXSIM to calculate the pre- and post-tax and transfer

income according to Heathcote et al. (2017) and obtained similar result. Further information is in
12Countries for Foreign includes Austria, Belgium, France, Germany, Hungary, Italy, Poland, Spain, Slovakia, Sweden

and United Kingdom, Japan and South Korea.
13Eight groups consist of four quintiles and the highest quintile divided into 81-90th, 91st-95th, 96th-99th percentiles

and top 1%.

24



Appendix D.

Next, I assume Pareto income distribution, H(φ). Data for the average income and the share of

top 1% in total income are obtained from the World Inequality Database (WID). To combine the

data for 13 developed countries as one Foreign country, I use Generalized Pareto Interpolation

(Gpinter) program from WID which enables data from multiple countries to be interpolated and

simulate one income distribution. With the data and the Pareto assumption of H(φ) ∼ (ymin, σ), I

can recover the parameters as follows:

Ii =
∫

ydHi(y) =
σ

σ − 1
yi,min Si =

1
Ii

∫
y99

yHi(y) = (0.01)
σ−1

σ

where Ii and Si are the data for the average income and the share of top 1% in total income. y99 is

the income of 99th percentile where y99 = ymin(0.01)−1/σ.

For the price elasticity of substitution on the first tier in the non-homothetic preference, I assume

that auto, manufacturing and services are complements (σ1 = 0.7). It is known from structural

change literature that manfuacturing and services are typically complements (Comin et al., 2021;

Duernecker et al., 2024). Evidence on substitution between autos and the rest of manufacturing is

mixed; some suggest price elasticity to be 0.87 (McCarthy, 1996) and others 1.14 (Attanasio et al.,

2022). For the second tier, I assume EVs and GVs are substitutes as assumed in many EV adoption

literature. I set it as σ2 = 2. Lastly, in the third tier where EV models are aggregated, I set σ3 = 4.2.

For the income elasticity, I assume that auto and service to be higher income elastic than manufac-

turing. Again, it is typical that richer population consumer more services so I set ϵs = 1.2 when

ϵm = 1. On the other hand, literature reports that income elasticity on auto spans from 0.54 to

3.41 (McCarthy, 1996; Lui et al., 2013; Hummels and Lee, 2018; Linn and Shen, 2024). Based on

the descriptive evidence showing that richer consumers have higher relative EV consumption than

others in Figure 2, I set ϵa = 1.4 and ϵe = 1.3 when ϵg = 1.

F = {α, η, κ, δ, β, b, tijb, dijb, Fi(ϕ), Mi(ω), f im
i , f I

i }
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Table 1: Calibrated Parameters

Parameters Value Description Data Source

Consumption Parameters, C

ρ 0.1887 Degree of tax progressivity Congress Budget Office
(yi,min, yj,min) (0.4324, 0.3568) Income distribution (scale) World Inequality Database
(σi, σj) (1.5629, 1.8060) Income distribution (shape) World Inequality Database
σ1 0.7 ES (auto vs. mauf. vs. service) Refer to the text
σ2 2 ES (GV vs. EV) Refer to the text
σ3 4.2 ES (EV models) Barwick et al. (2024)
ϵk Income elasticity

k = a: Auto 1.4 Refer to the text
k = m: Manuf. 1 Normalized
k = s: Service 1.2 Refer to the text
k = g: GV 1 Normalized
k = e: EV 1.3 Refer to the text

Production Parameters, F

α 0.4 Share of input (batteries) Fixed
η 2.859 ES (domestic vs. imported input) Blaum et al. (2018)
κ 4 ES (input variety) Fixed
δ 1.9 Parameter in demand shifter Nigai (2025)

- related to consumer targeting
b 0.001 Shifter for consumer targeting cost Nigai (2025)
tijb (0.02,0.04) MFN Tariff on Batteries WTO Integrated Database (IDB)
ψ (4.653,4.653) Productivity dist.(shape, ϕ) IEA (2025)
θ (7.3756,4.0802) Productivity dist.(shape, ω) Automotive Manufacturing Solution

F shows a set of production side parameters. The cost share of intermediate inputs is set as α = 0.4

as widely known14 The elasticity of substitution between domestic and imported inputs is fixed at

η = 2.859. This value for the electric machinery sector (ISIC Rev3. 31) and is estimated by Blaum

et al. (2018). κ is set to 4. For the consumer targeting parameters, I follow Nigai (2025) to assign

β = 0.001, δ = 1.9 amd b = 3. Also, the data for the tariff on imported batteries, tijb, is based on

MFN applied rate obtained fromWorld Trade Organization.

For the c.d.f. of firm productivity in EV sector, F(ϕ) and battery sector, M(ω), I assume Pareto

distribution with shape parameter, ψ and θ, respectively. One advantage of assuming Pareto dis-

tribution is that the feature is preserved for the firm size. The shape parameter in this case changes
14Battery costs account for around 30-45 percent of total production cost of light-duty electric vehicles as reported in

Forbes (2023, Aug. 17), ”China Has Perfectly Tangled The Battery Value Chain With Electric Vehicles - A Combo The
U.S. And Europe Will Find Hard To Beat”
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to ψ
σ3−1 and θ

κ−1 which enables direct matching to the data (Helpman et al., 2004). Data for the

global EV sales and battery sales are obtained from IEA (2025) and Lithium-ion Battery Gigafac-

tory Database published by Automotive Manufacturing Solutions (AMS). Using the unit sales of

EVs for the U.S. and 13 countries combined, I calculate the standard deviation of sales across coun-

tries as ψ = 4.653. AMS data contains information about multinational battery firms’ production

facilities. I use the production kWh capacity of existing facilities in each country as a proxy for firm

size and obtain θi = 7.37 for Home and θi = 4.08 for Foreign.

O = {Li, Nie, Nib, Aim, Ais, Aig, τ̃m
ij , τ̃

g
ij}

Other aggregate fundamentals are in the set O. Data for the aggregate labor endowment Li is from

PennWorld Tables. I assume that themass of firms are proportional to sectoral revenue share of the

population. Sectoral revenue data is from OECD Input-Output (I-O) Table. Then, I estimate the

structural gravity model to identify the total productivity parameter for manufacturing, services

and gasoline vehicle sector and trade cost for manufacturing, GV and battery sector. Based on the

OECD I-O Table for year 2011-2019, I estimate the disaggregated gravity model (Anderson and

Van Wincoop, 2003; Yotov et al., 2016; Silva and Tenreyro, 2006):

Xk
ij,t = exp

(
ξk

1FTAij,t + ξk
2EUij,t + µk

i,t + µk
j,t + µk

ij

)
ϵk

ij,t (36)

where FTAij,t and EUij,t are dummyvariables for bilateral free trade andEuropean economic agree-

ment. µk
i,t, µk

j,t, µk
ij capture the exporter-year-sector, importer-year-sector and pair-sector specific

fixed effects. From the results, I recover the pair-year varying components and set it as τ̃k
ij,t =

exp
(
ξ̂k

1FTAij,t + ξ̂k
2EUij,t + µ̂k

ij
)
. Then, it is regressed on gravity variables to obtain results as in

Table 2.

ˆ̃τk
ij,t = γ̂k

cons + γ̂k
dist log(distij) + γ̂k

contigcontigij + γ̂k
langlangij + γ̂k

f taFTAij,t + γ̂eu
kEUij,t (37)

Âk
i,t = exp(µ̂k

i,t)
1

1−σ3 (38)
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Table 2: Calibration Results for Trade Costs

Trade Cost Manufacturing Gasoline Vehicle Battery Input
log(Distanceij), γdist 0.277 0.189 0.219

(0.009) (0.013) (0.011)
Contiguityij, γcontig -0.008 -0.111 0.001

(0.030) (0.043) (0.036)
Languageij, γlang -0.343 -0.114 -0.388

(0.0237) (0.035) (0.026)
FTAij,t, γ f ta 0.084 -0.304 -0.005

(0.014) (0.020) (0.017)
EUij,t, γeu 0.027 -0.041 -0.055

(0.019) (0.028) (0.023)
Constant, γcons -0.911 0.173 -0.314

(0.082) (0.119) (0.099)
Obsv. 9,780 9,786 9,780

Notes: This table shows the parameters estimated for the trade cost in manufacturing sector, gaso-
line vehicle and battery industry (equation (37)). Data source: WTO Input-Output Table; Exporters in-
cludeAustria, Belgium, France, Germany, Hungary, Italy, Poland, Spain, Slovakia, Sweden andUnited
States. Importers include 80 countries. Years span 2012 - 2021, excluding 2020.

Based on the results, estimates of the trade cost ˆ̃τk
ij,t and productivity Âik for sector k can be obtained

as in equation (37) and (38). Note that the trade cost for battery sector, it is dijb = ˆ̃τb
ij,t. Also, I

assume the productivity of non-tradable service sector is the same across two countries.

Now, the parameters left to be calibrated are { f im
i , f I

i , γie}. I employ the following set of data:

country-level sales share of EVs to GVs from IEA (IEA, 2025), firm-level average domestic input

share in EV sector imputed with Bloomberg Supply Chain data and the total number of affiliates

from origin to destination country in manufacturing (NAICS 33)15 obtained from Ahmad et al.

(2023). The objective of the calibration is to minimize the sum of the mean squared error between

the model outcomes and corresponding data targets. I rely on brute-force method to find the local

minimum and the resulting calibration fit is presented in Table 3.

5.2 Quantitative Results

In this section, I evaluate the effectiveness of demand-side industrial policy in achieving its objec-

tives of creating qualitymanufacturing jobs and facilitating the energy transition for climate change

mitigation. I benchmark the analysis on the U.S. Inflation Reduction Act to quantitatively examine
15NAICS 33 is one of three manufacturing code which includes metal, machinery, electric equipment, transportation

etc.
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Table 3: Targeted vs. Untargeted Moments

Targeted Untargeted

Sales of EV to GV FDI share
Average domestic

input share
Global EV

market share

H F H → F F → H H F H

Data 0.02 0.03 0.35 0.07 0.12 0.41 0.49
Model 0.03 0.03 0.36 0.07 0.11 0.40 0.39

Notes: In this table, {γie, f I
i , f im

i } are calibrated tomatch sales share of electric vehicles (EV) to gasoline
vehicles, foreign direct investment share ofNAICS 33 and EVfirms’ average domestic battery sourcing
share. H is Home calibrated to the U.S. and F is Foreign calibrated to 13 developed countries: Austria,
Belgium, Germany, Spain, France, United Kingdom, Hungary, Italy, Japan, South Korea, Poland, Slo-
vakia, Sweden. The global EV market share is the U.S. EV sales share among the 12 countries and the
U.S. combined.

how the consumer subsidies for EV purchases subject to income cap and domestic input require-

ment affect FDI inflows into battery sector. I then measure the resulting changes in employment

and aggregate EV sales. Next, I conduct two counterfactual experiments. First, I adjust one of the

policy margins consistent with the IRA to illustrate how outcomes respond to alternative policy

settings. Second, I compare these outcomes with those generated by a trade policy and emphasize

the critical role of demand-side incentives in promoting FDI and sustaining the EV supply chain.

Throughout the analysis, the income cutoff for the subsidy is endogenously determined at the

84th percentile of income distribution, as defined in equation (33). This specification aligns with

Borenstein and Davis (2016), who document the distributional effects of clean-energy tax credits.

They find that the top quintile received about 60% of total credits, implying that the policy should

target the bottom three quintiles for balanced adoption.

5.2.1 IRA Benchmark

As illustrated in section 2, I set the consumer subsidy rate S = 25% and the domestic input require-

ment T = 50% as a benchmark, consistent with the initial restriction of the IRA. In this setting, the

consumer subsidy has a positive effect on attracting FDIs raising the share of foreign firms building

facilities in the U.S. from 7.08% to 14.07%. Accordingly, the employment in the U.S. battery sector

increases by 136%. However, the aggregate EV sales show a slight decrease of 2.25%.

Figure 6 shows how consumers and EV firms across income and productivity levels respond to
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the policy. In Panel A, eligible consumers below the income cutoff increase their EV purchases by

1-5% in response to the subsidy. The lower their income, the larger the increase in consumption,

reflecting both the corresponding changes in the effective average prices and the high income elas-

ticity of EV demand. In contrast, ineligible consumers, who face higher prices than before, reduce

their purchases about 7%.

Panel A: EV Sales-Price Changes Panel B: EV Firms’ Domestic Input Share Changes

Notes: This figure illustrates how consumers and EV firms in the United States adjust their decisions under the bench-
mark policy. Panel A presents changes in average EV prices and sales across income groups. The subsidy’s income
cutoff is set at the 84th percentile. Sales increase among eligible consumers whose income is below the cutoff because
the subsidy lowers their effective purchase price. Ineligible consumers with incomes above the cutoff reduce their EV
purchases. Panel B depicts EV firms’ adjustments in their domestic battery input shares following the policy: firms up
to the 73rd productivity percentile comply by raising their domestic input share to 50%, the threshold specified by the
policy.

Figure 6: Benchmark Changes in Decisions of Consumers and EV Firms

These price changes, which vary across consumer income levels, can be attributed to EV firms’

endogenous decisions on whether to comply with the policy. Panel B of Figure 6 illustrates which

firms choose to comply and howmuch they increase their domestic input shares. Following the in-

troduction of the subsidy, firms up to 73rd productivity percentile raise their share of domestically

produced batteries to meet the T = 50% threshold as demand for eligible EV models increases.

This behavior has two implications. First, it raises the unit costs of models produced by eligible

firms, since these firms shift their battery sourcing from more efficient suppliers in South Korea

and Japan to less efficient producers in the United States. Because the extent of this shift is larger

among more productive firms, the resulting unit cost increase is smaller for firms with lower pro-

ductivity. Second, by choosing to produce eligible models, these firms reorient their product lines

30



toward entry-level models that cater to lower-income consumers. Specifically, their target income

percentile shifts from the 68th to the 53rd. On the other hand, firms that do not comply with the

policy and maintain their previous share of imported inputs now target relatively higher-income

consumers, with their target shifting from the 68th to the 73rd percentile.

The increase in unit production costs raises the average EV prices faced by all consumers, but the

magnitude of this effect is heterogeneous, depending on the match between consumer tastes and

firm’s targeting. In other words, the prices of individual models are weighed differently when

computing the average price each consumer faces. For instance, lower-income consumers, who

have stronger preference for lower quality and entry-level models, place greater weight on price

changes for low-productivity models, while price changes in high-end models have only a minor

impact on their effective prices. This makes the price increase that lower-income consumers would

have faced without the subsidy relatively small, since the unit cost increases for low-productivity

firms are modest. Once the subsidy is applied, their effective prices fall by about 1-2% below the

baseline level, as shown in Panel A. However, ineligible consumers who do not receive the subsidy

face the full extent of the price increase of approximately 4%.

Consequently, these contrasting responses of eligible and ineligible consumers lead to a 2.25% de-

cline in total EV sales. Although eligible consumers account for more than 80% of the population,

the reduction in purchases among higher-income consumers dominates, as they held the majority

of the market share prior to the policy. The policy, however, affects the battery sector in the op-

posite direction. Since both the sales of eligible models and their domestic input shares increase,

the demand for domestically produced batteries rises. As a result, more foreign battery firms are

incentivized to establish their production facilities in the United States, raising the share of firms

undertaking FDI from 7.48% to 15.67%. In addition, incumbent producers expand their output to

meet the higher demand. Accordingly, the employment in the battery sector increases by 136%.

5.2.2 Counterfactual 1: IRA-Consistent Alternative Policy

Note that the IRA plans to increase the domestic input threshold T by 10% every year until 2029.

In this section, I follow the policy to increment the domestic input threshold T by 10% from 50%

to 90% and analyze how the outcomes change.
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Consumption responses evolve differently across income groups as the threshold rises. As the

threshold increases, eligible consumers diminish whereas ineligible consumers expand their pur-

chases, as depicted in Figure E3 in Appendix Appendix E. In this counterfactual setting, eligible

consumers adopt more EVs than the pre-policy baseline only when T ranges between 50–70%. At

T = 60% and T = 70%, consumption rises modestly by 0–3% and 0–2%, respectively. Beyond

this range, the subsidy becomes insufficient to offset the price increase, reducing consumption be-

low the baseline. Among ineligible consumers, adoption rises gradually from -7% to -3% as the

threshold increases.

To understand the heterogeneous consumption patterns, it is essential to examine how prices vary

across thresholds. Two countervailing margins of firm behavior interact along the thresholds to

determine the average price of EV models. One is whether to meet the eligibility criteria T (exten-

sive margin) and the other is how much share of input sourcing is shifted to the domestic market

(intensive margin). When the threshold T increases, the number of firms complying to the eligi-

bility condition shrinks while their domestic input shares increase.16 The latter contributes to the

price increases through unit cost rise, whereas the former leads to price drop as the firms deviate

from meeting high T and return to their original lower share of domestic sourcing.

Panel A: Aggregate EV Sales Change Panel B: FDI Share and Employment Changes
Notes: This figure presents changes in aggregate EV sales, FDI share, and corresponding employment in the U.S. battery
sector across domestic input thresholds (T) ranging from 50% to 90%. Panel A shows an upward trend in EV sales,
though the change remains negative across all thresholds. In contrast, Panel B depicts a downward trend in both the
FDI share and employment as T increases.

Figure 7: Across-Policy Changes Compared to Baseline

16Refer to Figure E4 in Appendix E.
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As illustrated in the benchmark policy analysis, the average effective price faced by each consumer

depends on the interaction between those two countervailing margins and on which segment of

firms each consumer places greater weight in their consumption basket. Suppose the domestic

input threshold T is raised from 50% to 60%. In that case, the share of EV firms choosing to produce

eligible models are declines from 73% to 65%, with the more productive firms being the first to

deviate. This implies that roughly 8% of more productive firms reduce their domestic input shares

back to pre-policy levels, while remaining 65% increase theirs by 10%. In response to these changes,

lower-income consumers receiving the subsidy face higher average prices, as they weigh more on

relatively lower quality products that better match their preferences. In other words, the upward

price pressure from higher domestic input shares among eligible firms outweighs the downward

pressure from firms opting out of compliance and reverting to their pre-policy sourcing patterns.

Conversely, the downward pressure is stronger for the higher-income consumerswho are ineligible

for the subsidy, leading to lower prices they face. As a result, prices continue to rise for eligible

consumers and decline for ineligible ones as the threshold increases up to T = 90%.

This patterns generate two contrasting effects on the EV and battery sectors. First, aggregate EV

sales decline overall but the magnitude of the decrease lessens as T increases. Panel A in Figure 7

shows that the sales fall by 2.25% at T = 50%, narrowing to a 1.72% decline at T = 90% relative to

the baseline. Second, the share of foreign battery firms’ FDI in the U.S. decreases with higher T. As

demand from eligible consumers rises, so does the demand for domestically produced batteries.

In Panel B of Figure 7, the FDI share peaks at 14% when T = 50%, where eligible consumer sales

are also highest, and then steadily falls to 6% at T = 90%. Together with the expansion of domestic

production by incumbent U.S. firms and higher FDI share, the employment rises substantially but

tapers off from 136% to 64%.

5.2.3 Counterfactual 2: Comparison with Trade Policy; IRA Subsidy vs. Import Tariff

As the second counterfactual experiment, I compare the effectiveness of the IRA in attracting FDIs

to one of frequently used trade policies: import tariff. The rationale for tariff is different from the

IRA in that it only intervenes on the supply side and attract FDIs by increasing the cost of trade.

Compared to the IRA, it’s more direct and rather punishingwhereas the IRA indirectly encourages
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FDIs by providing incentives. It turns out that import tariff does draw positive share of FDIs but it

is slower in growing the battery industry and costlier than the IRA.

Notes: This figure compares employment changes under two policy scenarios—the IRA consumer
subsidy and an import tariff—given the corresponding FDI share induced by each policy. The per-
centage labels along the graphs indicate the specific policy rates. It shows that the subsidies are more
effective in generating employment for a given level of FDI share.

Figure 8: Comparison between IRA Subsidy vs. Import Tariff

To show, I run counterfactual simulations under import tariff where the ad-valorem rate ranges

from 10% to 100%. Figure 8 reports the employment increase in the battery industry given FDI

share under each policy. The percentages near the graphs indicate the rate of each policy. In the

graph, increasing tariff rate induces higher FDI share and employment. However, the extent of

FDI increase leading to the rise of employment is limited in comparison to the IRA. For instance,

given 14%of foreign firms building facilities in theU.S., the IRA subsidy creates 136%more jobs but

tariff can only result in create less than 100% increase. Also, to replicate themaximum employment

achieved under the IRA, tariff should be set higher than 100%.

Though inefficient, tariff does affect the battery firms positively. However, this entails a large cost.

The EV sales fall by 2.5% per every 10% increase in tariff. When the tariff rate reaches 100%, the

total EV sales drop amounts to 27% and this occurs throughout the income distribution. This

means that tariff is undermining the EV sector in return to the FDI increase in the battery industry.

Since these two sectors are highly complementary, it would harm the entire supply chain if this

effect persists. In fact, the employment along the supply chain constantly decreases up to 6.9%.
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However, the employment for the EV supply chain always increases up to 5% under the IRA. The

difference between these two policy results emphasizes the importance of inducing demand in

industrial transition and growth.

6 Conclusion

As demand-side industrial policy has become a common tool for developing green industries, cre-

ating good jobs, andmitigating climate change, the need to assess its effectiveness has grown. This

paper provides the first quantitative evaluation of such a policy by benchmarking the U.S. Infla-

tion Reduction Act. I focus on the mechanism through which EV purchase subsidies, conditional

on an income cap and a domestic content requirement, induce FDI by battery firms, a key input

to EVs. Using a two-country general-equilibrium trade model with income-heterogeneous con-

sumers, I show that the rise in the EV purchases from lower-income, subsidy-eligible consumers

drives FDI inflows as well as battery-sector employment. On the other hand, a drop in sales from

higher-income, ineligible consumers reduce aggregate EV adoption.

I also conduct two counterfactual experiments that highlights the importance of demand-side in-

centive in driving FDIs. First, when the minimum domestic input threshold for eligibility is tight-

ened, the FDI share falls and employment declines, as the policy becomes less favorable to lower-

income consumers and workers. At the same time, EV adoption rises slightly as higher-income

consumers increase their purchases. Second, comparing the IRA with an import tariff, I find that

tariffs are more costly for achieving a given amount of FDI and less efficient at converting FDI into

employment gains.
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Appendix A Background

A.1 Supplemental Results

Table A1: EV Sales by Country (thousand units)

Country 2019 2020 2021 2022 2023 2024

China 830 920 2,700 4,400 5,400 6,400
USA 240 230 470 800 1,100 1,200
Austria 9.3 16 33 34 48 45
Belgium 8.8 15 23 38 93 130
France 45 110 170 210 310 300
Germany 63 190 360 470 520 380
Hungary 1.8 3.0 4.3 4.7 5.8 8.6
Italy 11 33 67 49 66 66
Japan 21 15 22 59 88 60
Korea 33 31 72 120 120 120
Sweden 16 28 57 96 110 94
United Kingdom 38 110 190 270 310 380
Poland 1.5 3.7 7.2 14 17 17
Slovakia 0.16 0.92 1.1 1.4 2.3 2.2
Spain 10 18 24 33 57 62

Table A2: EV Price Premium and Average Transaction Prices

2019 2020 2021 2022 2024

Price premium for EVs (%) 50 16 26 36 15
Electric vehicle average (USD) 56,239 44,704 54,139 64,932 55,845
Industry average (USD) 37,462 38,399 43,104 47,598 48,531
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Source: IEA Global EV Outlook 2023. This figure reports the approximate share of domestically produced electric vehicle
models among all those sold in the world. More than 75% of cars are produced and sold domestically.

Figure A1: Global Electric Car Sales, 2019-2022

Table A3: Residual Relative Log Consumption Share on Residual Aggregate Consumption

Dependent Variable: log
(

Electric Vehicle
Gasoline Vehicle

)
Residual Log Real Consumption (1) (2)

Residual Log Real Income 8.41 8.34
(0.41) (0.40)

State FE Y Y
County Controls N Y
R2 0.24 0.22
Observations 2172 2172

Note: Standard errors clustered by county. Residual log real in-
come is constructed by taking residuals of the following OLS re-
gression: log(Ccst) = ξs + Xcst + ϵcst where subscript c is county,
s is state and t is year. ξs denotes the state fixed effects and ϵcst de-
notes the error term. Xcst denotes county-level controls which in-
cludemetro dummy, average age, education level, and ratio of sex.
Residual log real electric vehicle consumption relative to gasoline
vehicle consumption is constructed in a similar manner.
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Source: IEA Global EV Outlook 2025. This figure reports the increasing battery demand from each region from 2019 to
2024. China has the largest demand throughout the years followed by Europe and United States.

Figure A2: Battery Demand By Region
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Appendix B Model

B.1 Detailed Derivation 1 for section 3.3

Assume that the productivity of battery producers are distributed as Pareto with shape parameter

θ, in which the cumulative density function is Mj(ω). Then, the share of foreign battery varieties

that an EV firm ϕi in country i sources from j is,

1 − Mj(ω̄j(ϕi)) = Pr(ω ≥ ω̄j(ϕi))

=
(
ωj,min/ω̄j(ϕi)

)θ
= n(ϕi) (39)

Also, note that ω I
j is the cutoff productivity of battery firms in country j. The price index for the

imported composite batteries are

A(Ωj(ϕ))
1−κ =

∫
Ωj(ϕ)

[ κ

κ − 1
wjτji

ω

]1−κ
dω

=
( κ

κ − 1
wjτji

)1−κ
Njb

∫ ω I

ω̄(ϕ)
ωκ−1dM(ω)

where dM(ω) = θ · ωθ
minω−θ−1. Then,

A(ω̄j(ϕ))
1−κ =

( κ

κ − 1
wjτji

)1−κ Njbθ

θ − κ + 1
ωθ

min

[(
ω I)−θ+κ−1 −

(
ω̄j(ϕi)

)−θ+κ−1
]

Plugging in equation 39 in the above equation,

A
(
n(ϕi)

)
= ω−1

j,min

( Njbθ

θ − (κ − 1)

) 1
1−κ κ

κ − 1
wjτji︸ ︷︷ ︸

≡aji

[
n(ϕ)1+ 1−κ

θ − (nI∗)1+ 1−κ
θ

] 1
1−κ

= aji ·
[
n(ϕi)

1+ 1−κ
θ − (nI∗)1+ 1−κ

θ

] 1
1−κ
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B.2 Detailed Derivation 2 for section 3.3

SC
(
n(ϕ)

)
= n(ϕ)1+ 1−κ

θ − (nI∗)1+ 1−κ
θ

=
eq.(13)

A
(
n(ϕ)

)1−κaκ−1

To obtain A
(
n(ϕ)

)
as a function of s(ϕ), modify the equation (14) as

s(ϕ)−1 =
q1−η

q1−η + A
(
n(ϕ)

)1−η

= 1 + qη−1A
(
n(ϕ)

)1−η

Then, A
(
n(ϕ)

)
can be written as

A
(
ϕ
)1−κ

=
(1 − s(ϕ)

s(ϕ)

) 1−κ
1−η

q1−κ

45



Appendix C Solution Algorithm

I approximate income distribution Hi(φ) and productivity distributions, Fi(ϕ), Mi(ω) as vectors of

1000 × 1 size. Given the primitives of two countries - home and foreign - the equilibrium satisfies

equations in (i) − (xxix). The solution algorithm is based on the contraction mapping method

which runs until it reaches a fixed point.

[Taxation & Consumers]

(i) ỹ =

(∫
φ yi(φ)dHi(φ)− Gi/Li∫

φ yi(φ)1−ρdHi(φ)

)1/ρ

(ii) yd
i (φ) = yi(φ)1−ρ(ỹi)

ρ

(iii) ui(φ) = yd
i (φ)/Pi(φ)

(iv) cie(φ) = γe

(Pie(φ)

Pia(φ)

)−σ2(Pia(φ)

Pi(φ)

)−σ1
ui(φ)ϵe+ϵa−1

(v) v(xi(ϕ)) =
∫

φ

(
1 + δi( fi(φ)− xi(ϕ))

2
)−1

Pie(φ)σ3 cie(φ)dHi(φ)

[EV Producers]

(vi) πie(ϕi, si(ϕ), xi(ϕ); aji) =
Li

σ3

( σ3

σ3 − 1
w1−α

i qα
i

)1−σ3
ϕσ3−1si(ϕ)

α(1−σ3)
η−1 v(xi(ϕ))

− wi f im
i

(1 − si(ϕ)

si(ϕ)

) 1−κ
1−η
( qi

aji

)1−κ
− b · xi(ϕ)

β

where aji = ω−1
j,min

( Njbθ

θ − (κ − 1)

) 1
1−κ κ

κ − 1
wjτji

(vii) {s∗i (ϕ), x∗i (ϕ)} = arg max
si(ϕ),xi(ϕ)

{
πie
(
ϕi, si(ϕ), xi(ϕ); aji

)}
(viii) π∗

ie(ϕi, s∗i (ϕ), x∗i (ϕ); aji) =
Li

σ3

( σ3

σ3 − 1
w1−α

i qα
i

)1−σ3
ϕσ3−1s∗i (ϕ)

α(1−σ3)
η−1 vi(x∗(ϕ))

− wi f im
i

(1 − s∗i (ϕ)
s∗i (ϕ)

) 1−κ
1−η
( qi

aji

)1−κ
− b · x∗i (ϕ)

β

(ix) X∗
ie(ϕ) = Li

( σ3

σ3 − 1
w1−α

i qα
i

)1−σ3
ϕσ3−1s∗i (ϕ)

α(1−σ3)
η−1 v(x∗i (ϕ))
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[Battery Producers]

(x) Φj(ωi) =
{

ϕj|ωi ∈ Ω(ϕj)
}
where


Ω(ϕj) = {ωi|ωi ≥ ω̄i(ϕj)}

ω̄i(ϕj) =
[
nI(ϕj)

1+ 1−κ
θ +

( 1−s∗j (ϕ)
s∗j (ϕ)

) 1−κ
1−η

(qj/aij)
1−κ
] 1

−θ−(1−κ)
ωi,min

(xi)


DDi = Nie

∫
ϕi

qκ−1
i s∗i (ϕ)

(
α

σ3 − 1
σ3

X∗
ie(ϕ)

)
dFi(ϕ)

DXij(ωi) = Nje

∫
ϕj∈ΦX

j (ωi)

(
1 − s∗j (ϕ)

) κ−η
1−η s∗j (ϕ)

κ−1
η−1 qκ−1

j

(
α

σ3 − 1
σ3

X∗
je(ϕ)

)
dFj(ϕ)

(xii) πD
ib (ωi) = ωκ−1

i · 1
κ

( κ

κ − 1

)1−κ
w1−κ

i DDi

(xiii) πX
ijb(ωi) = ωκ−1

i · 1
κ

( κ

κ − 1

)1−κ
(wiτ̃ijb)

1−κDXij(ωi), where τ̃ijb = (1 + τijb)tijb

(xiv) π I
ijb(ωi) = ωκ−1

i · 1
κ

( κ

κ − 1

)1−κ
w1−κ

j DDj − wj f I
j

(xv)


ωX∗

i = {ωi|πX
ijb(ωi) > π I

ijb(ωi)}

ω I∗
i = {ωi|πX

ijb(ωi) ≤ π I
ijb(ωi)}

(xvi) nI∗(ϕj) =
∫

ω I∗
i ∩Ω(ϕj)

dMi(ω)

[Aggregates]

(xvii) Πie = Nie

∫
ϕ

π∗
ie(ϕi, s∗i (ϕ), x∗i (ϕ); aji)dFi(ϕ)

(xviii) Πib = Nib

( ∫
ω

πD
i (ωi)dMi(ω) +

∫
ωi∈ωX

i

πX
ij (ωi)dMi(ω)

)
+
∫

ωi∈ω I
i

π I
ij(ωi)dMi(ω)

)

(xix)
Xijb

1 + tijb
=


Nie

∫
ϕ

s∗i (ϕ)
(

α
σ3 − 1

σ3
X∗

ie(ϕ)
)

dFi(ϕ) if j = i

Nje
1+tijb

∫
ϕ

(
1 − s∗j (ϕ)

)(
α

σ3 − 1
σ3

X∗
je(ϕ)

)
dFj(ϕ) if j ̸= i

(xx)


ddi =

1
Li

(
Πie + Πib

)
tti =

1
Li

tijb
Xijb

1+tijb

(xxi) yi(φ) = li(φ)wi + ddi + tti

(xxii) Regenerate (i)− (v) and renew v(x∗i (ϕ))
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(xxiii) qi =
κ

κ − 1
wi

[
Nib

∫
ωi

ωκ−1dMi(ω) + Njb

∫
ω I∗

j

ωκ−1dMj(ω)

] 1
1−κ

(xxiv) Pie(φ)1−σ3 = Nie

( σ3

σ3 − 1
w1−α

i qα
i

)1−σ3
∫

ϕ∗
i

[1 + δ( fi(φ)− x∗i (ϕ))
2]−1 × s∗i (ϕ)

α(1−σ3)
η−1 ϕσ3−1dFi(ϕ)

(xxv)



Pim =
(( wi

Aim

)1−σ2 +
(wj τ̃jim

Ajm

)1−σ2
) 1

1−σ2

Pis =
wi
Ais

Pig =
(( wi

Aig

)1−σ3 +
(wj τ̃jig

Ajg

)) 1
1−σ3

Pia(φ) =
(

γgui(φ)ϵg−1P1−σ2
ig + γeui(φ)ϵe−1Pie(φ)1−σ2

) 1
1−σ2

(xxvi) Pi(φ) =
(

Σ
k=a,m,s

γkui(φ)ϵk−1Pk(φ)1−σ1
) 1

1−σ1

(xxvii) Xie = Nie

∫
ϕ

Li

( σ3

σ3 − 1
w1−α

i qα
i

)1−σ3
ϕσ3−1s∗i (ϕ)

α(1−σ3)
η−1 v(x∗i (ϕ))dFi(ϕ)

(xxviii)



Xijm = Lj

∫
φ

(
wiτijm

Aim

)1−σ2

Pjm
σ2−σ1 Pj(φ)σ1 uj(φ)ϵm dHj(φ), ∀i, j

Xijg = Lj

∫
φ

(
wiτijg

Aig

)1−σ3

Pσ3−σ2
jg Pja(φ)σ2−σ1 Pj(φ)σ1 uj(φ)ϵg+ϵa−1dHj(φ), ∀i, j

Xijs =


Lj

∫
φ

γk

(
wi

Ais

)1−σ1

Pi(φ)σ1 u(φ)ϵs dHj(φ), if i = j

0 if i ̸= j

(xxix) wiLi = Σ
j

(
Xijm + Xijs + Xijg + Xije + Xijb

)
− ddi
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Appendix D Calibration
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Appendix E Results

Notes:This figure illustrates the percentage change in electric vehicle (EV) purchases across consumer income levels and
domestic content thresholds. The shaded area highlights the increase in EV adoption among eligible consumers—those
below the income cutoff—between the 50% and 70% threshold levels. However, beyond the 70% threshold, their pur-
chases begin to decline. In contrast, ineligible consumers—those above the income cutoff—exhibit a consistent reduction
in purchases across all thresholds, though the magnitude of decline diminishes as the threshold becomes more strin-
gent.

Figure E3: Percentage Change in EV Purchases Across Income Levels and Domestic Content
Thresholds

Notes: This figure illustrates how EV firms adjust their battery sourcing decisions as the domestic content threshold rises
from 50% to 70%. As the requirement becomes more stringent, less productive firms tend to comply earlier, while more
productive firms are the first to deviate.

Figure E4: EV Firm decisions on Domestic Sourcing of Batteries Across Thresholds
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